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Foreword 


This is the fourth publication in the Sand Dune and Shingle Network Occasional Paper series published 
through Liverpool Hope University Press. The aim of the Sand Dune and Shingle Network is to support 
the sustainable management of sand dune and shingle habitats by encouraging an exchange of 
information and experience and in developing links between different interests. The Network is based 
within the Department of Geography in the Faculty of Sciences and Social Sciences at Liverpool Hope 
University, and is supported by the Higher Education Innovation Fund and Natural England. 


This publication records a knowledge exchange exercise involving postgraduate students, academics 
and professionals working in dune conservation. Knowledge transfer is the process by which knowledge, 
expertise and skills are shared through linkage and exchange between different sectors. It is a key 
function of the Network and is achieved through the dissemination of good practice via a variety of 
publications and the organisation of events where key actors may meet and collaborate. 


The report arises from a study tour to the Netherlands organised by the Department of Geography and 
the Network, in partnership with colleagues at the University of Amsterdam’s Foundation for Integrated 
Dune Management. The exact sites visited vary from year to year, but it is an annual excursion to the 
Netherlands made available to Network members from the UK. Postgraduate students from the MSc 
in Environmental Management attend the study tour as part of their course. This creates an unusual 
and productive vertical integration in the university curriculum. The study tour exposes students to 
professional practice and some of the latest advances in coastal dune management in Europe. For the 
UK professionals who participate in the study tour, and the Dutch professionals leading site visits, it 
is a refreshing experience to rub shoulders with early learners in coastal dune management as the 
deep and often specialist discussions held require framing within the broad concept of dynamic dune 
management. It is a healthy exercise for all involved to return to this concept and not to be entirely 
immersed in the fine detail of conservation management. 


An outcome from the study tour is the promotion of international exchange of information and 
understanding on dune management and ecology. This is an action listed in the UK Sand Dune Habitat 
Action Plan, and this annual study tour makes some contribution to the achievement of it. For the 
UK professionals an important benefit of the study tour is experiencing coastal dune management 
on an entirely different spatial scale than that which is possible on most of their sites. We hope that 
the experience helps UK participants to scale their own site management actions and to work at the 
landscape level whenever possible, to avoid unnecessary interventions and to realise the potential of 
natural processes. 


We wish to thank all of our Dutch colleagues for their enthusiastic support in organising and delivering 
the study tours. Further information on the Sand Dune and Shingle network is available at www.hope. 
ac.uk/coast 


Paul Rooney 

Senior Lecturer 

Series Editor and Director of the Sand Dune and Shingle Network 
Department of Geography 

Faculty of Sciences and Social Sciences 

Liverpool Hope University 

E-mail dunes@hope.ac.uk 


Note: 


This is the second occasional paper exploring dune conservation in the Netherlands and there will 
inevitably be some overlap with the first (Houston and Edmondson, 2010) and future volumes. The 
authors have tried to limit duplication of material and for this reason, some discussion may appear to 
be curtailed. For more information on:- 


e Nature conservation policy and ideology specifically related to dunes 

¢ Specifics of dune re-mobilisation projects in National Park Zuid-Kennemerland including on 
frontal dune ridge 

e Prunus serotina in the Amsterdam Water Works 


please see Houston, J.A. and Edmondson, S.E. (2010) Conservation and management of coastal dunes 
in North Holland: Report of the Study Tour of the Netherlands, 9-13 February 2009. Sand Dune and 
Shingle Network: Occasional Paper No. 2, Liverpool Hope University Press. ISBN: 9781898749042 
(available at www.hope.ac.uk/coast ). 
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Introduction 


Coastal dunes in the UK have much in common with those in the Netherlands in terms of habitats 
and species and similar management problems. The Netherlands and the UK have similar dune areas 
in terms of size, 48,000 and 56,000 ha respectively (Doody, 2008). However, in the Netherlands 
dune systems are less fragmented and management units are generally larger than those in the UK. 
The dunes in the Netherlands are relied upon extensively as sea defences and are important water 
abstraction areas, filtering and purifying river water. As a result, the dunes provide essential ecosystem 
services to a greater extent than UK dunes, giving them a value beyond intrinsic biodiversity value. 
This means that policy making and managing the public interface with the dunes has a different basis 
in the Netherlands. Nevertheless, there are many important issues which the UK can learn from and 
use to inform management practice. 
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Figure1:Map showing locations of each of the five site visits 


Geel (2009) of National Park Zuid-Kennemerland provides an overview of the Dutch dune landscape 
which began to form some 5,500 years ago under the influence of sea, sand and wind. Rising sea 
levels after the end of the last ice age and offshore sand deposits created a long line of sand banks. 
Vegetation was able to colonise this new coastal sand area where the organic remains of dead plants 
and animals had washed up. These sand banks became the beginnings of barrier beaches which would 
later become what are now called the ‘Old Dunes’. Climate patterns altered during the tenth and 
eleventh centuries when an increase in storminess meant violent storms partially washed away the 
developing sand dunes. The sediment was first deposited off shore before being brought shorewards 
again by prevailing westerly winds. This marked the beginning of the ‘Young Dunes’ when sand drifts 
began to ‘wander’ over the ‘Old Dunes’. After several hundred years, the climate became milder again 
and vegetation cover in the dune area increased. In the present day situation, the ‘Young Dunes’ are 
the most westerly dune areas which provide the first defence against the sea. The ‘Old Dunes’ are 
inland where villages and cities have arisen on top of these former barrier beaches, including Beverwijk, 
Spaarnwoude, Santpoort, Velsen and Haarlem. 


Coastal management policy in the Netherlands 


Rijkswaterstaat, as part of The Ministry for Transport, Public Works and Water Management, 
is responsible for coastal defence while at a regional level provincial authorities and water boards 
(decentralised government authorities) determine policy in line with national objectives. Consultative 
Bodies for the Coast act as fora for national and regional stakeholders to discuss coastal defence, and 
report to Rijkswaterstaat. Rijkswaterstaat is responsible for the primary dune defence ridge as part 
of their responsibility to maintain sea defences, while other dune areas have a variety of managing 
authorities. This area of the dunes is off limits to the public and subject to different laws from dunes 
further inland. 


Almost 12 million people (74% of total population) in the Netherlands live in the low elevation coastal 
zone, the third highest proportion in the world (McGranahan et al, 2007). In comparison, the UK is 
estimated to have just over a tenth of its population at risk from flooding in or near this zone (CIESEN, 
2006). The 1953 floods prompted a more concerted effort to protect people and infrastructure from 
flooding and the first Delta Committee was established soon after to set a framework for safety 
standards. Today, the government is concerned with how climate change will affect its future residents, 
prosperity and landscape. 


The first Delta Committee proposed engineering works to protect the South West of the country by 
closing sea inlets and upgrading existing dykes which could be sealed in the event of another storm 
surge. This would halt estuarine processes and effectively create a series of freshwater lakes (Heip, 
1989). In the immediate aftermath of the floods, the implications for estuarine or marine ecology 
were considered secondary to the task of protecting coastal populations and infrastructure, as safety 
was the main concern. When it came to carrying out the works, the last proposed dam closure on 
the Oosterschelde was challenged by fishermen and ecologists among others (Wesselink, 2007) and 
subsequently altered to incorporate some estuarine processes (Heip 1989). The imminent threat of 
disaster is not conducive to integrated coastal management, as concerns over safety will naturally 
be the highest priority. Today, the government is not prepared to wait for another disaster to spur 
adaptation and mitigation efforts. A second Delta Committee was established in 2007 and is afforded 
the luxury of being more holistic in its planning. A new integrated approach to future water safety 
will consider freshwater supplies, natural and recreational areas and sustainable energy alongside 
coastal protection. The philosophy underpinning this new period of forward planning is that “a safe 
Netherlands is a collective social good for which the government is and will remain responsible” (Delta 
Committee, 2008). Already, a Delta Act is in preparation which will regulate the organisation of the 
Delta Programme (European Commission, 2009a) and a Water Act will follow whose remit will include 
prevention and mitigation of flooding and water shortages as well as the protection and improvement 
of the chemical and ecological quality of water systems (Delta Committee, 2008). 


In the second Delta Committee’s initial recommendations (Delta Committee, 2008), two key flood 
protection policies are identified which attempt to move away from relying solely on hard engineering 
works. ‘Building with Nature’ refers to the process of beach nourishment which is currently occurring at 
many locations on the Dutch coast, while ‘Room for the River’ recognises that the changing discharge 
patterns in the rivers Rhine and Meuse are key to adapting to potential flooding scenarios. Prior to the 
introduction of the second committee, policy had focused on maintaining the Dutch coastline in a steady 
state, based on its position in 1990. The new policy recommendations go further and suggest that 
nourishment programs may actually create more land area on the coastline for nature and recreation, 
effectively re-defining the coastline (Delta Committee, 2008). 


In responding to climate change, the Netherlands has opted to plan for the higher end of the emissions 
scenarios, after considering local effects of subsidence and thermal expansion, to ensure that defences 
will withstand the worst case scenarios of sea level rise. It is interesting to consider that the potential 
cost of planning for the worst case scenario is not considered prohibitive. Indeed, the recommendations 
from the Delta Committee are expected to cost between €1.2bn and €1.5bn per year until 2050 
and €0.9bn to €1.5bn after that. In addition, if the option of building out the coast through beach 


nourishment is implemented there will be an additional cost of €0.1bn — €0.3bn on top of this. For 
many Dutch people, climate change is seen more as a threat to prosperity than to safety (Kabat et al., 
2009) but the Delta Committee tries to promote the opportunity to build a more prosperous society 
based on sustainability and innovation. It can be difficult for people to think beyond the span of their 
own lifetime, and governments often produce vote winning policies based on short term prosperity. 
However, the scale of the threat to the country has mobilised leaders into concrete action despite 
the high cost. The potential cost of a single dyke failure has been estimated at between €10bn and 
€50bn while the cost of doing nothing could run to €3.7trillion across the country, dwarfing the annual 
investment needed (Kabat et al., 2009). The most urgent action identified by the Delta Committee 
was to immediately prioritise upgrade works to existing dykes and levees. An audit in 2006 found that 
between 24% and 56% of defences did not meet even the current standards (between 1 in 1,250 and 
1 in 10,000 flooding probability), before the Delta Committee had suggested raising these standards 
by a factor of 10 (Kabat et al., 2009). 


Some of the concepts and actions 
proposed in the Netherlands are 
difficult to reconcile with a traditional 
interpretation of sustainable 
development. The terms ‘future proof’ 
and ‘climate proof’ are continually 
used rather than ‘adaptation’ and 
‘mitigation’, terms which imply less 
certainty. Wesselink (2007 p. 242) 
describes the “taboo” in discussing 
the risk of flooding in the Netherlands 
where the dominant paradigm is 
that defences are strong and safety 
is guaranteed, whereas in the past 
there seems to have been a greater 
Dune natiishment at Voome. acceptance of nature’s invincibility 

(Rijkswaterstaat, 1977). The 
predictions that have been made regarding the effects of climate change are all based on probabilities, 
modelling, uncertainty and risk. Nations around the world are using the best guidance currently available 
and doing what they can with the resources they have to adapt their societies to coming changes. The 
Netherlands will do the same and is already diverting resources from natural gas reserves and securing 
loans to pay for their ambitions. The route which policy makers have taken so far using expensive 
technological fixes to manage flood risk has created a “political lock-in” (Wesselink, 2007, p. 242) 
requiring more and more resources to maintain safety standards which politicians use to reassure 
the public. There is no certainty, however, that the measures taken will be sufficient or sustainable 
as economic and climatic conditions change. Beach nourishment, for example, involves dredging and 
transporting sand from offshore to beaches at a cost of €8m/year in one location on the island of 
Voorne. Rising oil prices may make this prohibitively expensive in future, or the value of homes and 
commercial assets may fall to a level which is not worth protecting. The committee has recommended 
that the ecological, economic and energy requirements involved in beach nourishment be investigated 
in order to assess the sustainability of this particular aspect. 


The idea of market involvement in meeting the costs of ‘future proofing’ the Netherlands has been 
presented as a way of co-investing in sustainable planning and development. The idea is that businesses 
are involved in securing their own future economic security as 65% of the country’s GNP is generated 
in the coastal zone, including the internationally important transport links of Rotterdam and Schiphol. 
The committee is eager to ensure that the burden of responsibility and the costs are borne by society 
as a whole, and most importantly those who derive greatest benefit from the Netherlands’ strong 
economic standing. Future development in known flood risk areas will be granted on a cost benefit 
analysis basis which will see those who benefit from the development bear the associated cost, such 
as flood defence upgrades, although it is not clear for how long the responsibility will remain with the 
developer (Delta Committee, 2008). 


Nature conservation management policy in the Netherlands 


The Netherlands is a small country with a high population density, intensive agriculture and thriving 
industry. This makes biodiversity conservation a challenge and, inline with the rest of Europe, biodiversity 
loss continues (van Veen et al., 2008). The Netherlands is internationally important for some species 
such as migratory birds and habitats including dunes, heaths and aquatic habitats (MinLNV, 2006a). 
The number of species on the red list has increased over the past decade and many have become 
extinct over the last century (van Veen et al., 2008). This is symptomatic of widespread habitat decline 
and degraded environmental conditions. Nature has tended to be isolated in the Netherlands, taking 
second place to economic activities and being ignored in favour of heavily engineered solutions to 
problems. Now, the importance of nature is being recognised and the Netherlands is working hard to 
create a connected landscape where biodiversity can thrive in spite of economic activities. 


Participation 


The Dutch philosophy around people and nature says that participation and consultation should lead 
to increased public support for projects and decisions (Turnhout et al., 2010). This belief has informed 
many aspects of nature conservation policy. Where the 1990 nature policy plan was seen as a top- 
down prescriptive approach, the current plan seeks to involve the views of individuals to achieve a 
wider acceptance of the plan. The overarching theory is that if nature meets the demands that humans 
place on it and is seen as relevant and usable in the public realm, people will take responsibility for 
it and contribute to its protection and management (Turnhout et al., 2010). While this may be true, 
allowing everybody to have a say inevitably dilutes the conservation agenda and allows the focus to be 
shifted onto other concerns such as the economy. For example, during the process of designating sites 
as Special Protection Areas to comply with the EU Birds Directive (79/409/EEC of 2 April 1979), five 
thousand objections were raised to the draft list, mainly economical in concern (van der Touwen and 
van den Top, 1999). 


Legal Protection 


There are many acts and laws in place governing nature conservation management in the Netherlands. 
The Flora and Fauna Act (2002) protects around 500 species while the Nature Conservation Act 
of 1998 seeks to protect important habitat areas (MinLNV, 2011). Both were developed during the 
adoption of the Habitats Directive (92/43/EEC of 21 May 1992) and Birds Directive and can be seen 
as the Netherlands’ interpretation of these directives. The Netherlands’ attempt to re-interpret what 
was required in this way contributed to long delays in implementation and judicial proceedings against 
the country (Bennett and Lighthart, 2001). The Nature Conservation Act was amended in 2005 to 
more adequately protect areas designated under the Birds and Habitats Directives, with a permit 
system introduced to regulate economic activities within the areas (MinLNV, 2011). 


With regard to European directives, notably the Bird Directive and Habitats Directive, the Dutch are 
seen to show a pioneering spirit in developing new policy but are then reticent in implementing it 
(Bennett and Lighthart, 2001). For example, many Dutch policy makers were involved in the formulation 
of the Habitats Directive, drawing on their experience of using ecological networks in their country to 
embed this thinking in the directive which later gave rise to the Natura 2000 network. However, the 
Netherlands were one of the slowest to implement the directives and incurred judicial proceedings as 
a result of their non-compliance (Bennett and Lighthart, 2001). 


National Ecological Network — formerly Ecological Main Structure 


Introduced in 1990, the National Ecological Network (NEN) was seen as a way to limit housing and 
industrial development taking place in sensitive nature areas (MinLNV, 2005). The idea is of larger 
nature areas connected by green corridors which allow for the movement of wildlife between resource 
areas. In conservation theory this helps to conserve species by increasing the exchange of genetic 
material and allowing populations to migrate if their primary habitat becomes depleted. The NEN 
includes Natura 2000 areas, and in the future it is intended that it will link up to networks in other 
countries and become part of the Pan-European Ecological Network (PEEN). There is a target of 
728,500 ha to be realised by 2020 which will comprise 20% of the total land area in the Netherlands. An 
additional target of six million ha has been set for waterscapes in the Netherlands (MinLNV, 2005). 


Natura 2000 


The Netherlands has 162 sites within the Natura 2000 network covering around one million hectares, 
two thirds of which are open water (MinLNV, 2006a). The Netherlands is considered to be of very high 
importance for certain habitat types including sand drifts and species of breeding and non breeding 
birds as it is on the Palearctic flyway (MinLNV, 2006b). There are a number of guiding principles which 
underpin how the Netherlands approaches Natura 2000 sites and actions, as set out in the targets 
document (MinLNV, 2006a). Targets for improvement should be practically and financially feasible 
requiring minimum input from, and having minimum consequences for, the public and economic sectors. 
Severely threatened habitats and species are prioritised, whereas those where improvement is not 
realistically expected attract little effort and expenditure. The sites that are part of the network are 
expected to be sustainable by incorporating natural dynamics and being adaptable to climate change. 
In terms of managing these sites, maintenance or improvement targets are set depending on the sites’ 
condition. The ecological state of the sites is monitored nationally and reported to the EU, to see if they 
meet expected conditions or are improving. Where sites are in particularly bad condition, a ‘sense of 
urgency’ status is applied to the site which means irreparable damage is likely in ten years if no action 
is taken. Thirty one core tasks have been assigned this status including tasks for grey dunes (MinLNV, 
2006a), a priority habitat in the Habitats Directive. The Natura 2000 network of sites is part of the 
NEN so is subject to the same protection, but there are laws which govern it as a separate entity too. 
This is because of the flexibility which exists within the NEN to allow economic development, which if 
it were to take place on a Natura 2000 site, may contravene European law. 


National Parks and National Landscapes 


These are single areas comprising at least 1,000 hectares, with many integrated into the Natura 2000 
network or the NEN. National Parks are designated for their significance to nature conservation but 
are seen as equally important to encouraging participation and engagement with nature. The MinLNV 
(Ministry for Agriculture, Nature and Food Quality) (2005, p.9) states that National Parks “bridge 
the gap between nature as an abstract concept and nature as a phenomenon” echoing the idea that 
people’s use of nature encourages greater protection of the resource. 


National Landscapes are areas where economic activities are not formally controlled; living and working 
are important but equally so is the landscape value. Sites were designated on the basis of cultural, 
historical or natural values and a good balance is sought within the landscapes between ecology, 
economy, liveability and beauty (MinLNV, 2005). 


Species Protection Plans 


One of the goals of nature policy for 2020 is to create the conditions required to support all species 
and populations which existed in the Netherlands in 1982 (MinLNV, 2005). It is unclear why this date 
has been chosen and its arbitrary nature echoes the 1990 baseline used for coastal protection. Species 
Protection Plans work in conjunction with the Flora and Fauna Act and Red Lists describing concrete 
actions which must be taken to preserve a species which has become threatened (MinLNV, 2005). 
A new approach is being developed which will influence how individual species are protected in the 
future. The emphasis will shift to protecting the habitat and living conditions of certain species and 
groups of species, mirroring a similar change recently seen in England (Webb et al., 2010). 


LIFE projects 


This source of funding from the European Commission has been and continues to be of enormous 
value in achieving some of the objectives for nature conservation in the Netherlands. It provides funds 
for conservation projects which help to realise the Natura 2000 network of sites. Initially, the EC had 
been unwilling to fund LIFE projects in the Netherlands following the legal proceedings against the 
country regarding the Habitats Directives (Bennett and Lighthart, 2001). Now there are many projects 
completed and ongoing which benefit from the fund, including large scale dune restoration projects by 
Staatsbosbeheer, Natuurmonumenten and others (MinLNV, 2006b). The LIFE Dunes project helped to 
restore islands in the Wadden Sea, parts of the mainland coast and Schouwen in Zeeland, benefiting 
an area of 4,700 ha (Staatsbosbeheer, 2010). 


Learning from practice through field visits 


Management of the Dutch coast requires a good understanding and integration of the main functions of 
the coastal dune belt for coast defence, nature conservation, water abstraction and recreation. These 
functions are inter-related and are addressed in integrated management plans for coastal areas. 


The 2010 study tour visited a number of sites in the provinces of South Holland and Zeeland to learn 
from several different management bodies who were addressing the complexities of multiple-use 
management in a densely populated country. The focus was on aspects of nature conservation and 
large scale dune restoration projects. All the sites visited are part of the Dutch Natura 2000 network 
of protected sites established under the EU Habitats Directive. In the Directive the main sand dune 
habitats present in the Dutch dunes are; 


2110: Embryonic shifting dunes 

2120: Shifting dunes along the shoreline with Ammophila arenaria 
2130: Fixed coastal dunes with herbaceous vegetation 

2150: Atlantic decalcified fixed dunes 

2160: Dunes with Hippophae rhamnoides 

2170: Dunes with Salix repens 

2180: Wooded dunes of the Atlantic, Continental and Boreal region 
2190: Humid dune slacks 

(European Commission, 2009b) 


The visits were to; 


¢ Kennemerland-Zuid National Park 

¢ Amsterdam Waterworks Dunes 

¢ The islands of Schouwen, Goeree and Voorne 
¢ Dune Waterworks of The Hague (Meijendel) 


At each site discussions were held with site managers and recent conservation actions were seen 
in the field. The range of issues included the re-juvenation and re-mobilisation of dune habitats, the 
problems of invasive alien species, habitat restoration, coastal defence policy and public attitudes to 
management. The remainder of this report provides a summary of the issues discussed in the field. 
Those statements that are not formally referenced are the statements and opinions of our hosts and 
guides. 


Visit to Kennemerland-Zuid National Park 


Guides: Fred van der Vegte and Cees de Vries (University of Amsterdam and Foundation for 
Integrated Dune Management) 


The 3,800 hectare dune area primarily consists of young calcareous dunes. In parts of the site, 
management is focussing on re-mobilising the dune system. The aim is to re-instate the natural 
geomorphic processes which controlled succession and habitat creation before stabilisation processes 
began. A variety of anthropogenic factors such as afforestation and nitrogen deposition have encouraged 
the dunes to stabilise and the remobilisation projects are undertaken as compensation for some of 
these factors. The area has been utilised for drinking water extraction since 1850, with an extraction 
volume of 14 million m® per year up to 1999 (Bakker, 2005). 


Each year two million people visit the park. The area is co-owned and managed by a number of 
organisations including: 


e Provincial Water Company PWN Noord-Holland, 
e ‘Natuurmonumenten’ the Society for the Conservation of Natural Monuments, 


* ‘Staatsbosbeheer’ the State Forest Service, 

¢ the municipalities of Velsen, Bloemendaal, Haarlem and Zandvoort, 

¢ the Society for Nature and Environment Education IVN Noord-Holland, 
¢ the District Water Board Rijnland, 

* the province of Noord-Holland and the State 


There are also a number of private land owners involved. The park is managed as a single unitary area 
with close co-operation between partners, evident in the adherence to uniform signage and admission 
rules. 


Techniques 


Re-mobilisation projects in Kennemerland have been taking place since 1998 (Arens, 2004) attempting 
to intervene at a higher level of dune processes in order to have the greatest effect. The project at 
Kennemerland is investigating whether permanent rejuvenation at the landscape scale is possible by 
restoring the natural process of dune mobility (Arens, 2004). A variety of factors have contributed to 
the dunes becoming more vegetated and stable over time. One of the reasons is plantations of non- 
native species such as stands of pine Pinus spp which artificially stabilised dunes when large scale 
sand-blow was a problem in the 1920s and 1930s. The removal of these pine plantations has been 
assisted by the trees’ intolerance to local salt deposition of around 70g/m?/year. A belt of deciduous 
trees previously protected the conifers in one part of the site, but this is now thinning and dying off 
exposing the pines to salt spray. The removal of trees and scrub has been combined with regular 
deployment of management interventions to ensure they do not re-establish through self seeding. 
Where trees have spread in to scrub land, horses nibble the bark and prevent them flourishing. 


Clockwise from top left: Turf stripping activity to level of dune water table; rejuvenation of dune and dune slack 
habitat; re-mobilisation of parabolic dune; ‘hedgehog’ dune formed by Salix repens. 


Removing conifers can be a controversial management activity as visitors value the trees as well as 
the dune landscape, and are often unaware that conifers are not a natural part of dune vegetation. 
The stumps of felled trees are removed by horses which also contributes to public engagement efforts. 


Visitors have enjoyed watching this process and it gives managers an opportunity to discuss their 
plans and why certain actions are being implemented. 


The process of scrub removal in the park was evident as some root structures were still visible. The 
results of remobilisation efforts were also evident in some places as small hummocks of blown sand 
in what had once been a flat landscape. Removal of vegetation is often accompanied by humus or turf 
stripping of around 20-30cm, removing nutrients and allowing bare sand to move in response to the 
wind. This technique works well in dune slacks which may have become over-vegetated. Turf stripping 
removes nutrients while the action of wind and sand-blow scour out depressions creating new slacks. 
A large-scale restoration project was initiated in autumn 1999, with the aim of restoring the typical 
vegetation of oligotrophic wet dune slacks, and characteristic species are now locally abundant (Bakker, 
2005). It is still too early to say whether large-scale destabilisation measures in the case of artificially 
fixed coastal dunes result in durable aeolian activity and landscape rejuvenation (Arens, 2006). 


Sustainability 


There are a number of issues which may affect the success of this project and ultimately determine 
how sustainable it is. During the 1980s nitrogen deposition began altering growing conditions in the 
Netherlands but it was 10-15 years before people realised there was a problem. The amount of nitrogen 
deposited encouraged nutrient build up and created ideal conditions for scrub encroachment with the 
loss of many grey dune species. 


Compounding the issue, climate change over the past century has increased the length of the growing 
season, giving scrub a greater chance to establish and grow in semi fixed dune habitats, negating the 
possibility of erosion and blow outs. The stabilising effect of scrub vegetation is difficult to reverse 
with natural system processes alone, and management intervention is often needed later on. This 
came in the form of both practical measures and in what is referred to as ‘external management’ 
which means trying to influence policy on a regional and international level to enhance efforts on a 
local level. Progress was made with EU policies from 1999 limiting the release of nitrogen and sulphur 
dioxides which have ensured that nitrogen deposition will decrease to a manageable level over the next 
decade. 


The destabilising efforts all take place inland from the frontal dune ridge which effectively isolates 
the dune system from the dynamic processes of the sea and beach. However, there are plans to work 
with the sea defence ridge in the future. The safety aspect of breaching dune ridges may hamper the 
destabilisation efforts here, although permission for breaching has been granted on Goeree (see later 
section). Offshore and onshore winds plus salt spray and sand supply all have a role in maintaining 
blowing sand, instigating blow outs and keeping scrub at bay so it is difficult to see long term aeolian 
processes being reactivated without an interface between sea and dunes. 


Conflicts 


The main obstacle to enacting large scale processes in this 5km of dunes was cited as “emotions” by 
the former park Director, Fred van der Vegte. The coast, and more importantly the protective dunes, 
are obviously tied up in people’s feelings and fears about inundation from the sea, meaning attempts 
to ‘destabilise’ the dunes can be seen as reckless. Taking time to engage with people by inviting them 
for tours, coffee mornings and information days was seen to be helpful in reassuring those worried by 
actions being taken. In addition, an art competition invited artists to create impressions of what a more 
open site might look like in the future. 


The remobilisation process involved the removal of a large area of forest which uncovered remnants of 
a farm dating from the 6th/7th century prompting archaeologists to suggest stabilising the blow out 
to protect the remains. Coastal change can lead to the loss of archaeological remains and may have 
implications for features valued by geoconservation. Today there is a perception that ever wider interests 
have to be considered when managing for a specific purpose. The National Park at Kennemerland was 
originally designated for research, education and nature conservation but a more modern designation 
may have to consider a greater variety of issues. 


Visit to Amsterdam Waterworks 


Guide: Luc Geelen 


This site is integral to the network of nature 
reserves and ecological corridors envisioned 
by the government's Nature Policy Plan. 
It is part of the Natura 2000 network and 
is a Special Area of Conservation under 
the Habitats Directive. The site also has 
enormous commercial value as it supplies 
water to one million people in Amsterdam 
and beyond (Waternet, 2010), having done 
so since the mid 19th century (Bekelaar 
& Geelen, 1999). During the first decade 
of the 20th century there were signs that 
the drinking water resource had been over- 
exploited as dune slacks dried out. It wasn't 
until the 1940s that water companies 
One of the few paved paths in the Amsterdam waterworks realised the consequences of abstracting 

water above the natural re-charge rate as 
saline intrusion into the groundwater became a possibility (Verstrael, 1996). Infiltration with water 
from the Rhine began in 1957 (Engelen & Roebert, 1974) leading to problems of eutrophication of 
slacks which further damaged the habitats. During the early period of drinking water production nature 
conservation was of secondary importance, but as its practice ensured good quality drinking water it 
came to be seen as equally important (Beekelaar & Geelen, 1999). 


In the management plan covering 2000-2010 (Beekelaar & Geelen, 1999) managers discussed 
objectives for nature conservation and whether natural processes or high biodiversity was of greater 
importance. In the end, the area was divided into three sections to achieve different results. In the 
South and West areas there was more potential for reactivating natural processes and simultaneously 
restoring dune slacks. Initially, mowing, grazing and top soil removal was undertaken to kick start the 
dunes’ dynamic nature, after which patience was the only ingredient (Beekelaar & Geelen, 1999). 
Ongoing experimentation and monitoring is taking place to determine the best options for species 
management in the dune slacks. A combination of mowing, sod cutting and grazing as well as control 
slacks (where no actions are taken) were evident on site and will inform future management decisions. 
The management plan recognises the fact that connectivity between the sea, beach and dunes is key 
to activating and maintaining dynamics. This connectivity is currently prevented by strict management 
of the frontal dune ridge for sea defence. However, some leniency is beginning to be shown and it 
may be possible through partnership working with the Regional Water Board to create blow outs and 
breaches which would contribute to greater connection between the dunes and marine processes. 
The small scale of the eastern area precluded the development of significant dynamic processes so 
creating an area of high biodiversity was favoured. The authors of the management plan (Beekelaar 
& Geelen, 1999) acknowledge that in the Netherlands promoting high biodiversity requires continued 
management intervention, similar to the situation in the UK. In contrast to the remobilisation project, 
where it is hoped the natural dune dynamics will reinvigorate the system and it will become self 
sustaining, this area will need ongoing management. 


In terms of recreation management, as a privately funded area the Amsterdam Waterworks Dunes is 
not obliged to follow the same principles as nature reserves where government policy dictates that 
management must be adjusted to suit the needs of the visiting public. However, with six million people 
within 50 km of the dunes, managers appreciate the necessity of balancing nature conservation with 
recreation. The objective is to allow access but to limit the extent of paved paths. Thus footpaths are 
maintained near the entrance to allow access even during rainy weather, whereas further in to the 
site, the Amsterdam Waterworks is the only site in the Netherlands where unmaintained paths are 
permitted (Beekelaar and Geelen, 1999). 


Today, managing for water production is combined with nature conservation, recreation and sea defence 
and also considers the livelihoods of bulb growers in the polder areas. It is a delicate balancing act 
which must provide enough water for consumption, ensure that ground water tables are maintained 
at a level needed for slack biodiversity and that bulb fields are not inundated. The restoration project 
‘de Zilk’ started in 2006 with the aim of restoring slacks in the dune area without compromising water 
production or bulb growing (Waternet, 2010). Hydrological modelling and an environmental impact 
assessment were completed along with a consultation process which resulted in six short-term and 
three long-term scenarios for dune restoration. The final scenario resulted in dune slacks being created 
near to the dune water works by raising the water level there. The canal bringing river water from the 
Rhine was maintained in part, but the water table was lowered in the bulb area. Monitoring systems 
are now in place to inform future modelling of the site as readjustments will be necessary in response 
to weather and climatic changes (Waternet, 2010). 


Clockwise from top left: Operational infiltration canal; organic material exposed in a remobilised area; young 
wet slack habitat; the burial of the former Van Limburg Stirum canal and remobilisation of dunes. 


The water purification process produces drinking water so pure it contains less phosphorus than rain 
water, and Charophytes spp have been found in reservoirs. The Dutch use no chlorine or fluoride in the 
water and the system of reed beds, bacteria and sand-carbon filtration breaks down metals and trace 
elements leading to an excellent water quality. Although the primary ecosystem service and hence 
value of this site is drinking water, the dunes still fulfil a vital sea defence role. 


The linear foredunes are outside the management jurisdiction of the site and are managed by 
Rijkswaterstaat (see chapter two). They are an entirely artificial construction, being essentially sand 
dykes. There is strictly no entry onto these dunes, something which is fully respected by Dutch visitors 
owing to the country’s history of inundation and reliance on artificial defence structures. 


The frontal dunes along most of the Dutch mainland coast are maintained as uniformly straight and tall sand 


dykes. 


Prunus serotina on part of the Amsterdam Waterworks 


Alien Species 


The issue of alien species on the Amsterdam 
Waterworks must be approached differently 
from other sites due to it being a sensitive 
drinking water catchment. Bird Cherry Prunus 
serotina was introduced to improve woodland 
soils during the 19th century in be a major 
threat to biodiversity in the dunes (Weeda, 
2010). It colonises both open outer dunes and 
inner dune woodland, and on poor soils found on 
dunes it impedes natural regeneration of less 
competitive species (Muys et al. 1993). The 
use of herbicides is not an option (and in fact is 
rarely employed in the Netherlands) meaning 
a more patient approach to management is 


needed. The trees are coppiced to stumps and then the area is grazed for between 6 and 15 years by 


sheep and cattle. 
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Figure 2: Map of Zeeland showing discharge of the River Scheldt 


On the islands of Schouwen, Goeree and Voorne land is managed by a variety of conservation agencies. 
Staatsbosbeheer is the national forestry service and is responsible for many different habitats in the 
Netherlands (only one quarter of their area is actually woodland). Natuurmonumenten is an NGO, similar 
to the National Trust in England and Wales, which manages a variety of habitat types for recreation 
and conservation. The islands making up the Delta region in the South West of the Netherlands were 
one of the worst hit areas in the 1953 floods. One of the second Delta Committee’s recommendations 
relevant to the South West is that the Oosterschelde (Eastern Scheldt), which discharges to the south 
of Schouwen, should have its tidal dynamics restored once the dyke is no longer adequate (post 2050). 
In the meantime, the loss of intertidal habitat in this area, where the net transport of sand is seaward, 
will be compensated by beach nourishment programmes. 


Visit to Schouwen 


Guide: Anton van Haperen, Staatsbosbeheer 


In contrast to the more urban areas, the island of Schouwen presents a different set of conflicts 
which dune managers must consider. There is understandably a strict planning zonation system in the 
Netherlands which separates the functions of rural and urban areas. The two are, however, intrinsically 
linked through the demands each places on the other. The urban demand for green space and a better 
quality of life is balanced by the rural demand for services and employment. A recent EU project 
‘Building new relationships in rural areas under urban pressure’ (European Commission, 2010) sought 
to help rural residents to find ways of providing landscape and nature related services in return for 
payment by developing new relationships with urban areas. The Groene Hart is an area of green 
space similar to the UK's green belt with restrictive planning laws but which is nevertheless under 
pressure from economic development. The Deltaworks following the 1953 floods served to better 
connect Zeeland and its islands with the rest of the Netherlands. The burgeoning urban population 
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Figure 3: Map of the Island of Schouwen showing the location of site visits 


of the Netherlands is now beginning to assess this area of relative rurality and what it could provide. 
Eight percent of houses in the Haamstede/Burgh region in the west are second homes and there is a 
strong dependency on the seasonal tourism industry for employment as agriculture has intensified and 
reduced employment to just 4% of the population (Overbeek & Vader, 2003). 


On Schouwen there is a concerted effort by provincial and central government to enhance the tourism, 
recreation and nature conservation functions of the island as the traditional occupation in agriculture 
becomes less economically viable. The island areas are heavily used in summer as recreation and 
tourism areas, and fiscal investment is beginning to develop and expand this economic base. A new 
road has been constructed with a car park from where public transport provision takes visitors to the 
beach and camping areas from further inland. This approach has allowed the use of other areas for 
nature reserves by focusing traffic on fewer roads and easing congestion. It is hoped that in time, 
visitors will begin to see nature reserves as valuable recreational spaces in addition to the traditional 
resorts, although this will have to be carefully managed. This island has had to constantly adapt to 
the changing social and environmental conditions which influence it. A shift away from agriculture to 
tourism is being facilitated by fiscal stimulus while in some areas, nature takes a greater precedence 
and residents are learning to accept the new surroundings this will create. 


On Schouwen, Staatsbosbeheer has been working hard to create nature areas and continuing large 
scale efforts to enhance the natural areas already in existence. The Kop van Schouwen covers the 
western part of the island encompassing a total of 3,000 acres between the towns of Renesse and 
Westenschouwen. It is managed by a variety of partners but the state forestry service Staatsbosbeheer 
owns the majority of the land (Staatsbosbeheer, 2010a). 


Using LIFE-Nature funding, Staatsbosbeheer along with other partners undertook various management 
activities to assist dune restoration. In 2005 the first project on the Kop van Schouwen was launched 


and sod cutting of 150 ha of dune land was undertaken to remove nutrients and encourage sand 
blow. Wet dune valleys were given a similar treatment to allow original slack vegetation to recover. In 
addition, encroaching scrub vegetation such as small dune reed Calamagrostis epigeios and creeping 
willow Salix repens have been cut and removed. The grazing area for cattle and Shetland ponies has 
recently been extended. 


Left: Dune slack vegetation benefits from the removal of nutrients. Right: Shetland ponies grazing to control 
scrub and tall grasses. 


Only a century ago blowing sand was evident 
in Westerschouwen as sheep and rabbits 
consumed all the vegetation and erosion was 
given free rein. Pine plantations were used to 
stabilise the dunes and Staatsbosbeheer is 
now working to transform these plantations. 
During the winter of 2007/2008 birch stands 
were removed in several locations to restore 
the view of the polder from the dunes, thus 
connecting the landscapes in the mind of 
the visitor. There are coniferous plantations 
on Schouwen, but they are not as extensive 
as in other locations in the Netherlands 
because German occupation during World 
Mobile dunes at Kwade Hoek War Il stopped the planting which began in 
1920. Scattered throughout the coniferous 
plantations are deciduous seed sources and young deciduous trees. The conifers have been thinned 
allowing deciduous trees to germinate spontaneously along with plants and shrubs. This results in a 
healthy, balanced forest representing possible future climax vegetation. The aim is to create a more 
natural transition between dunes and forest (Staatsbosbeheer, 2010b). Along the coastal strip - the 
transition from beach to forest - indentations in the forest have been made to restore the dynamic 
influence of the dunes on the forest, encouraging sand blow. Already, the sand is “lying in wait” 
(Staatsbosbeheer, 2010b p. 24) at one of these notches and will soon drift into the woods. 


The Vroongronden is a dry and wet transition zone between the dunes and the polders which was 
cultivated farmland until the 18th century. Today it is a nature reserve in part, and the government are 
negotiating the conversion of surrounding remnant agricultural land into nature reserves through an 
‘ecological infrastructure programme’. The provincial road running through the site has been converted 
into a bicycle path and a campsite in the area has been moved, which initially faced some opposition 
from locals. When the road was in use, access was restricted onto the surrounding fields. Now as 
a bicycle path, the wire fencing has been removed, allowing people to picnic and interact with the 
landscape. 


The area has an interesting hydrological 
regime which affects vegetation on a 
seasonal basis. The substrate is acidic and 
further acidifying (pH <3) as rain water 
leaches calcium out of the sand. However, 
the underlying ground water is buffered 
against acidification as it is in contact with 
carboniferous soils comprising the bedrock. 
In winter, raised water tables bring the 
buffering ions into contact with the acidifying 
sands, but in summer, the only plants able to 
grow here are acidophiles. The removal of the 
road and its associated ditches has allowed 
the water table to remain somewhat higher, 
High water table in the inner dunes promoting the development of more diverse 

vegetation communities. In drier areas, 
bioturbation by ants, moles and worms allows the same buffering effect to influence the vegetation 
(Van Haperen, 2010). There is a close moss and herb layer atop the dunes and managers feel rare 
lichens could grow here if the dunes were more dynamic. Blow outs are being stimulated locally to 
allow more calcareous sand to blow into the inner dune grasslands and restore some of the dynamics 
previously seen on Schouwen (Van Haperen, 2010). 


Visit to Goeree and Voorne 
Guide: Gert de Groot, Natuurmonumenten 
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Figure 4: Map showing site visit locations on Goeree and Voorne 


In the Delta Coast region Natuurmonumenten manage a variety of habitats including mudflats, sand 
dunes and estuarine areas. At Kwade Hoek on the island of Goeree coastal management policies 


can accept a more natural approach to coastal processes. The creation of artificial breaches has 
encouraged seawater to break through part of a spit in one project. This is obviously an exception to 
the general Dutch policy which dictates that the 1990 coastline is maintained. The process is part of 
a wider policy in the Kwade Hoek area where less active management is inviting nature’s processes 
to take over. Natuurmonumenten consider that the sea is still the dominant force here and they are 
enabling the currents and waves to instigate dune building by allowing water to come further inland 
than before. They have also breached a dyke in strategic places to restore some natural dynamics. 
This helps to reverse succession to scrub by introducing salt water and spray to the environment 
(Natuurmonumenten, 2010). 


The area of scrub clearance on the left will be prevented from reverting to scrub because of the interaction 
between the sea and dunes through natural and artificial tidal breaches (right. 


Left: Vegetation stripped from frontal dunes at Kwade Hoek to encourage sand drift. Right: Wet slacks at Voorne 
cleared of woodland and scrub. 


Developing or accreting beach plains can be a great asset in reinstating dynamism within a dune 
area as blowing sand helps to invigorate primary dune building processes which also encourage the 
development of botanically rich primary dune slacks. The depositional nature of the Kwade Hoek area 
means beach plains are expanding and creating ideal conditions to kick start dynamic dune building. 
The experimental attitude of management here makes it the perfect site to observe this process and 
learn lessons for other sites. 


This laissez-faire attitude is a stark contrast to the activities taking place on Voorne further north 
where a ‘dynamic preservation’ scheme nourishes the beach with sand dredged offshore to build out 
the coastline. Here, different current and wave regimes make erosion the dominant process and so 
suppletion is necessary. There is no record of large scale sand drift at Voorne in the past so restoring 
dynamics may not be a sustainable option here. Scrub management is the primary task as it is overly 
dominant to species-rich grasslands and grey dunes — a 90%/10% split, whereas 60%/40% is the 
realistic target. The techniques of fencing and grazing with cattle plus mechanical scrub clearance 
are taking place to achieve this target. In the Middle Ages, cattle were introduced to commercial 
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rabbit warrens as they were known to improve feeding conditions by removing the tougher shrubby 
vegetation and leaving shorter grasses for the rabbits to graze. Traditional rabbit grazing encourages 
grassland of the highest conservation value. What habitat management is trying to preserve is a 
landscape which was developed in co-evolution with rabbits. The devastation of the rabbit population 
through myxomatosis and now rabbit haemorrhagic disease virus (RHDV) is certainly a factor in the 
increased precedence of scrub and rank grasses. Grazing with herd animals is helpful in reducing the 
biomass of scrub, but without a sufficient rabbit population it is difficult to promote the short sward 
grasses where rare perennial species thrive. 


Left: Beach and dune nourishment taking place on Voorne. Right: Rabbit droppings amongst the short sward 
mosses and grasses which are encouraged by rabbit grazing. 


Visit to The Hague Waterworks (Meijendel dunes) 


Guide: Harrie van der Hagen, Dunea 
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Figure 5: Map showing the location of Meijendel dunes 
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Older drainage canals are now used for the collection 
of water from the infiltration system. 


The Meijendel dunes cover an area of 
approximately 2,000 ha (Bakker and Kramer, 
1993) and are located in a densely populated 
region with over a million visits yearly (Van 
der Meulen et al., 2004). The area is part of 
the National Ecological Network (Van der 
Meulen et al., 2004) and is managed for 
drinking water production and recreation, as 
well as nature conservation, meaning there 
are inevitably compromises between these 
interests. Small scale human activities have 
long beena part of the landscape as evidenced 
by remnants of settlements and records of 
agriculture dating back to 1820 (Bakker and 
Kramer, 1993). Later, commercial pressures 
on the resource such as water abstraction, 
afforestation, recreation and _ substantial 


house building on dune areas began to alter the very character of the landscape. Water abstraction 
created similar problems to those experienced at the Amsterdam Waterworks Dunes. A canal delivered 
drinking water to The Hague, drying up wet slacks which at that time covered a third of the area. 
Later, infiltration of Rhine water began and from 1976 water was taken from the less polluted Meuse. 
Infiltration was heralded as the ideal solution with seemingly unlimited supplies of freshwater to raise 
groundwater tables and re-wet the slacks. However, there was no return of dune slack vegetation 


(Bakker and Kramer, 1993). 


Figure 6: Diagram of deep well infiltration © Dunea 


Today, ‘deep well infiltration’ pumps pump 
precipitation quality water in and extract it 
at the same deep level, leaving groundwater 
and slacks unaffected. Management is 
encouraging the return of characteristic 
vegetation, but the landscape managers are 
striving torecreate existed undervery different 
conditions when geomorphological and 
hydrological processes were still driving dune 
formation. Wet slacks are still comparatively 
rare and sand mobility is low (Van der Meulen 
et al., 2004) because humans have influenced 
and altered the geomorphology and 
hydrology. Remobilisation of areas including 
the foredune is desirable, and finding a way 
to deliver drinking water production over a 
smaller area would provide the space needed 
for mobility and an increase in natural values. 
It is clear this is an area which provides many 
ecosystem services, and in this respect the 
nature management which takes place can 
be seen as an activity which compensates for 
the decrease in natural values and processes 
caused by other (human) activities. The 
drinking water company Dunea meets the 
cost of this compensation which amounts to 
around 4% of the income earned from selling 
drinking water (Van der Meulen et al., 2004). 
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There are 3.5 million people living within 25km of Meijendel (Van der Meulen et al., 2004), meaning 
recreation must be carefully managed. The main problem is that cars can be taken almost to the 
centre of the site where a restaurant and horse riding base create overcrowding with people, horses, 
cars and dogs. Strict zoning of recreation allows managers to balance the needs of the nearby urban 
population with the need to conserve nature and produce drinking water. One third of the area is 
open to anyone, one third is open to permit holders and one third has no access to visitors, being a 
strict nature reserve (Bakker and Kramer, 1993). In this way, those who seek peace and solitude can 
access quieter areas away from those enjoying casual recreation. Better opportunities for combining 
nature conservation with recreation have been realised through zoning which allows visitors who enjoy 
natural landscapes to access them, while others utilise facilities and paths in the main recreation areas. 
Whereas previously drinking water production areas have been off limits to visitors, some areas are 
now part of the recreation landscape. This approach has worked well because visitors appreciate the 
artificial recharge lakes used for infiltration, and while they are excellent habitats for birds, where 100 
species breed, they do not benefit characteristic dune species. Having nature conservation activities 
take place in a core area is compatible with visitor preferences. Wet boggy ground associated with 
dune slacks and blowing sand may be considered a nuisance for visitors and so keeping the functions 
separate is perhaps the best way of ensuring maximum value from both. 


Left: The Meijendel dunes lies within a dense metropolitan area. Right: One of the infiltration ponds, a landscape 
feature visitors enjoy. 


Left: Part of 50 ha remobilisation area to rejuvenate the landscape. Right: without mowing and grazing the 
young rejuvenated slacks would quickly be invaded by sea buckthorn and birch. 
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In terms of vegetation, the proportion of wood and scrub has increased in the vegetation cover during 
the last few decades, with Marram Ammophila arenaria and Small Dune Reed Calamagrostis epigeios 
dominating (Bakker and Kramer, 1993). The Meijendel dunes are known for stands of tall scrub. Sea 
Buckthorn Hippophae rhamnoides reaches 1-2m high and Hawthorn Crataegus monogyna with Dog 
Rose Rosa canina and Honeysuckle Lonicera periclymenum reaching up to 4-6m in places creating 
habitats favoured by breeding Nightingales Luscinia megarhynchos. Sea Buckthorn colonises the 
leeward face of fore dunes and its nitrogen fixing properties enable Elder Sambucus nigra to colonise 
here as well (Bakker and Kramer, 1993). Tall grassland of Calamagrostis and Ammophila dominate 
over shorter sward species in parabolic dune valleys. This is a relic agricultural landscape, so typical 
farm woodland tree species are also present including Poplar Populus nigra, Beech Fagus sylvatica, 
Elm Ulmus glabra, Oak Quercus robur, Pine Pinus sylvestris/nigra, with Birch Betula spp seemingly 
the only natural climax species (Bakker and Kramer, 1993). Grazing using mainly ponies and cattle to 
influence scrub development began in 1990 at a density of 1 animal per 15 ha (Bakker and Kramer, 
1993). It is thought that the grazing may not be able to significantly influence the proportion of scrub 
and woodland, but transition zones between grassland and scrub will be made more complex creating 
a greater diversity of habitats to support more characteristic species. 


Conclusion 


Over five days of site visits a variety of issues were encountered and the complexities of sustainable 
dune management were examined. The sites had differing priorities including sea defence, drinking 
water production and recreation. Each of these demands had to be balanced with nature conservation 
and in some cases restoration of the dynamic nature of the coast. It is difficult to predict with any 
certainty what the future dune landscape of the Netherlands will look like given the variables of 
population, climate change and economic uncertainty. The current objective is, where possible, to 
create sustainable coasts which are able to respond freely to future changes through their dynamic 
nature. Investment in the coast over the coming years is designed to prevent another flood disaster and 
to ‘future proof’ the Netherlands. The Dutch have overcome so many obstacles to build a prosperous 
country in the most unlikely of places, but the next challenge of sand and sea now awaits them. 
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